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ABSTRACT 
 
This paper examines the chronological order of impacts of the still ongoing financial crisis on the 
housing market in selected countries (United States, Spain, Italy and Germany). Our analysis is 
based on the concept of user costs of housing. We can trace back the beginning of the influence of 
the crisis on the Spanish economy to the year 2004. Our study shows that the American economy 
has been affected by the crisis around the 1
st
 quarter of 2005. For Germany and Italy, the impact of 
the crisis can be detected in 2007 and 2009, respectively. 
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INTRODUCTION 
 
n the present paper, we analyze potential interconnections between the national housing markets that 
become evident in the wake of the financial crisis. There is some consensus that the developments in the 
American housing markets trigger events that lead to the banking and European sovereign debt crisis.  
Federal policy is often regarded as the most important cause of the crisis. Governmental housing policy has set 
several incentives to promote homeownership and expand access to mortgages, especially to low-income households 
(see, for instance, Wallison, 2011, or Nichols et al., 2011, focusing especially on legislation and the role of 
government-sponsored entities). Euro area countries were also faced with huge credit expansions that were also 
supported by a convergence of national interest rate levels and fueled a rise in regional asset prices. Again, attention 
was paid to house prices which can be interpreted as a main reason for cross-country divergences, as elaborated for 
instance, in Jimeno (2009). We try to contribute to the wide strand of literature discussing the reasons and 
consequences of the developments on the national housing markets and aim to identify the history of housing market 
infections. We present some evidence in chronological order for a set of countries which comprises the United States, 
Germany, Spain and Italy. We therefore study the time series for the user costs of housing, which are crucial for 
financing housing and can be interpreted, to some extent, as a thermometer, indicating the state of the housing market. 
Thus, we expect a break in the time series in times of financial and economic distortion. 
 
The remainder of the paper is structured as follows: The next section sketches the theoretical model which 
underlies the definition of user costs of housing. Then we analyze the potential breaks in the time series by applying 
procedures suggested by Quandt-Andrews and Chow. In accordance to our findings, the first impact of the crisis on 
the housing market is evident for Spain in 2004 which also precedes the statistical break in the US time series (1
st
 
quarter 2005). On the German and the Italian housing market, the crisis takes its toll only in 2007 and 2009, 
respectively. 
 
THEORETICAL MODEL 
 
We employ a concept of user costs of housing as described in Duemmler and Kienle (2010) which is 
inspired by the seminal contribution by Dougherty and Van Order (1982). This type of definition incorporates a user 
cost representation which takes credit constraints explicitly into account. This seems to be relevant since we try to 
identify the impact of the financial crisis on the housing market, which is supposed to be effective via financial 
markets. Accordingly, the real user costs of housing are defined as uct = ph,t/pt*[ it- πt+ δ
~
t -(πh,t-πt) +(1-η)(πt-πh,t)] 
where it = ir,t+ πh,t or ir,t+ πt, respectively, is a nominal interest rate with a real interest rate ir,t. A mortgage is covered 
by housing stock, so that only the share of the nominal housing stock η, with 0≤ η≤1, can be financed by this kind of 
credit. The real house prices are expressed as a price ratio qt= ph,t/pt.  Delta is a depreciation rate. 
I 
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EMPIRICAL ANALYSIS 
 
In this section, we analyze the user costs of housing (uc) in Germany (DE), Spain (ES), the US (US) and in 
Italy (IT). The aim is to identify a potential break in the time series, which is done by estimating ARIMA(p,d,q) 
models. These models explain the behavior of the user costs’ time series of analyzed countries in the sample period. 
First, we specify the models through a common process. Second, the residuals obtained are checked by graphical 
inspection and by Quandt-Andrews and Chow tests to find the time of the break. Third, we re-estimate the models and 
check for the statistical break using appropriate dummy variables. 
 
Data Description 
 
The data description can be found in detail in Duemmler and Kienle (2010) for Germany, Duemmler (2012) 
for the US and Kienle (2013) for Spain. The Italian User Costs are calculated using standard data drawn from Banca 
d’Italia, Instituto nazionale di statistica and Eurostat. The samples start in the 1st quarter of 1980 and end in the 2nd 
quarter of 2012, except for the Italian one which only comprises data from the 1
st
 quarter of 1995 to the 4
th
 quarter of 
2011 due to a lack of data. 
 
Specifying and Estimating ARIMA Models for the User Costs of Housing 
 
We performed unit root tests in order to obtain more information on the trending behavior of the time series 
used. The trending setup for these series includes a constant c. In Table 1, results are reported for augmented Dickey-
Fuller (ADF) and Phillips-Perron (PP) tests and the test proposed by Kwiatkowski et al (KPSS). ADF and PP 
procedures test for a unit root in the series and KPSS assumes stationarity under the null hypothesis. The numbers in 
brackets indicate the lag length in the ADF procedure and the bandwidth parameter in the PP procedure. Lag length 
was selected by minimizing the Schwarz criterion (SC) calculated up to lag length 12. For KPSS, we display values 
for a bandwidth parameter value of 4 which results from applying a rule also used by Kwiatkowski et al., where the 
chosen parameter is given by 4*4√(T/100) with T as the number of observations in the sample period and **, *, (*) 
mean rejection of the null hypothesis at the 1%, 5%, and 10% level, respectively. The existence of a unit root cannot 
be rejected by either the ADF or the PP test for our series. Since this is also supported by the results of the KPSS 
procedure, we conclude that these series contain a unit root. Since the time series are nonstationary, the variables are 
modeled using the ARIMA approach; i.e., using first differences of the underlying variables. The order of the 
underlying AR- and MA-processes (p and q) are determined estimating ARIMA models for p=1,2,3 and q=1,2,3. We 
chose the combination which minimizes standard information criteria AIC. The results are presented in Table 2. 
 
Table 1:  Unit Root Tests 
 
 
Table 2:  ARIMA p and q Selection 
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Identifying the Impact of the Financial Crisis on User Costs of Housing 
 
Based on first results of least squares estimations for our ARIMA(p/1/q) models, we decide not to include a 
constant c in the analysis that follows; i.e., we abstain from a deterministic trend in the time series. The residual 
graphs of re-estimated ARIMA models are plotted in Figure 1. As we analyze possible effects of the financial crisis 
on the national housing markets, our focus is on the period from 2000 onward. In a first step, we identify possible 
breaks in the series by applying the Quandt-Andrews unknown breakpoint test. As Quandt-Andrews, which is based 
on the Chow breakpoint test, uses trimmed data, and therefore disregards some information, we additionally apply the 
Chow breakpoint tests to confirm the exact time of the break. For this second-step analysis, we check for a possible 
break several quarters before and after the break in the data proposed by the Quandt-Andrews procedure. The Chow 
breakpoint test assumes no breaks at the specified breakpoints under the null hypothesis. We consider asymptotic p-
values provided by Hansen (1997). 
 
 
Figure 1:  Residuals from ARIMA Models 
Source:  Own Calculation 
 
Germany 
 
For Germany, Quandt-Andrews identifies a significant breakpoint in the 2
nd
 quarter of 2007. The results for 
the Chow tests are presented in Table 3 which suggest that, however, the 1
st
 quarter of 2008 is most likely to be the 
breakpoint. 
 
Table 3:  Germany - Chow Breakpoint Test 
 
 
Spain 
 
For Spain, the 2
nd
 quarter 2004 is indicated as a possible breakpoint by Quandt-Andrews and also confirmed 
by single Chow tests run afterwards. The maximum LR F-statistic is 19.06 corresponding to a Probability of 0.00, as 
shown in Table 4. 
 
Table 4:  Spain - Chow Breakpoint Test 
 
 
United States 
 
The US residual graph shows that the results for the United States might be unambiguous. The Quandt-
Andrews test identifies the 1
st
 quarter in 2006, but with a maximum LR F-statistic of 4.39 corresponding to a 
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Probability of 0.37, the suggested breakpoint is not statistically significant. Acknowledging the heightened 
uncertainty, we employ Chow tests from the 1
st
 quarter of 2004 to the 4
th
 quarter of 2006; the results are presented in 
Table 5. The test results support the graphical finding that the time of the breakpoint in the US is not as clear as in the 
other countries. When comparing the Chow tests with each other, we get to the conclusion that the 1
st
 quarter of 2005 
is most likely the correct time frame. 
 
Table 5:  United States - Chow Breakpoint Test 
 
 
Italy 
 
The Quandt-Andrews test selects the 3
rd
 quarter of 2009. Maximum LR F-statistic is 7.42 corresponding to a 
Probability of 0.08. The results for the Chow tests are presented in Table 6 and confirm this finding. 
 
Table 6:  Italy - Chow Breakpoint Test 
 
 
Specifying the Impact 
 
In this section, we show least squares estimations for our ARIMA(p/1/q) models. To control for the 
statistical breaks, we include dummy variables D(YYYYQQ). D(YYYYQQ) is an impulse dummy variable which is 
unity at the time of the break and zero otherwise. The results are presented in Table 7. 
 
Table 7:  ARIMA (p/1/q) Estimations - Break Adjusted 
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In Figure 2, we plot the residuals obtained from these estimations (Residuals adj) and compare them with the 
residuals plotted in Figure 1 (i.e., obtained from estimations without controlling for the break). From graphical 
inspection, we find that the breaks, especially for Germany and Spain, have been eliminated. We conclude that we hit 
the breakpoint perfectly. In the US, as already mentioned, the picture is not so clear. We have identified a significant 
breakpoint in the data, but from graphical inspection, we get that there might be additional breaks after 2005. As we 
want to identify the beginning of the financial crisis impact on user costs, 1
st
 quarter of 2005 is a good starting point. 
In Italy we have the breakpoint most likely in the 3
rd
 quarter of 2009. Here we can see from the residual graphs that 
there might be additional breakpoints in the beginning of 2009, but this was not confirmed by the Chow tests. 
 
 
Figure 2:  Residuals from ARIMA Models - Break Adjusted and Before 
 
CONCLUSION 
 
In this paper, we try to identify the chronological order of impacts of the financial crisis on the national 
housing markets of selected countries. Our analysis is based on the concept of user costs of housing, which in the 
definition to be regarded, also comprises financial constraints faced by the investor. This seems crucial since a 
possible spread of the crisis, which is supposed to have its origin in the US housing market, might be mitigated 
through financial conditions, including loan-to-value ratios, for instance. Our results partly confirm this chronology of 
events, as the US user costs exhibit a break in the 1
st
 quarter of 2005. Nevertheless, the first impact of a crisis in the 
Spanish environment can also be traced back to 2004. This still seems reasonable since the aftermath of the European 
currency Union leads to a lowering in financing costs for Spain and so fueled the rise in house prices beyond 
structural demand. For Germany and Italy, the impact of the crisis can only be detected in 2007 and 2009, 
respectively. 
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